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(54) NEGATIVE ELECTRODE MATERIAL FOR LITHIUM SECONDARY CELL. 
MANUFACTURING METHOD OF THE SAME. AND LITHIUM SECONDARY CELL 

PROBLEM*™ BE SOLVED: To provide a negative electrode material by which, a lithium 
secondary cell with high electrode density and high energy density can be manufactured. 
SOLUTION- Graphite grains with average grain diameter of not more than 100 ^m. having folded 
lamination structure formed by crushing and folding the graphite with average gram diameter of 
not more than 5 mm using an impact crusher, are manufactured. The negative electrode 
material for the lithium secondary cell, having the graphite grains with average gram diameter of 
not more than 100 jim. having folded lamination structure, on the surface of which, a covering 
layer of crystalline carbon is formed by applying a chemical evaporation treatment to the 
graphite grains using a fluidized bed type reaction furnace, is formed. 
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Ctl60*Tfe P V DF^W*^>^^Hr^n-X 
(CMC) J f>SBR5f7?7d , Atf«lt£5o 
[0 13 1] ft«#»fc>W>^-©ffl^Jt (JMJt) 

1*1 00 : 2-1 00 : 2 0 fctSC fctfH* LV\> 
[0 13 2] tStKAB, 1. 4-1. 7g/cmHc 

v o 1 %©fflH*ft*ffififcfflSU COffiRfisptf. S 
SHBOfiWfcKiaffillBMi:**. 
[0 13 3] *5EWftS«»«, iS»*» 




(8) ^12 00 2-3 6 7 6 1 1 

[0 13 4] OEtt) lJBS?^*T*»Ilf: 

[0 13 5] LfrU ^RftHKHft^ftfflV^S*^^ 
imte*»3 l 4Ri%ttTkf 

1. 7 g/cm 3 lC-?2>C£frnStfe£%:%o 

[0 13 6] IftOSlfflti^^VTtt^ ttffiSBfiOH 

& 0 bp^> ;i/^uxtc<fcsinEE«. 1 00—400 

kg/cm 2 ©fflElc * ^MEtcffi^-r £ £ H.&*r C t 

20 6*C#* 0 

[0137]fi£oT. 1 0 0-4 0.0 k g/cm 2 OJE 
*^ftPffiLfcfc*0«*#. 1. 4-1. 7g/cm 3 

[0138] E«w»awfcias*nftv^*^ 

'£%\<DL i C o O2. L i N i O2. Xti L i Mn204§ 
[0 13 9] t»5fc#©IE«*mtt. Mtf*htf»l» 

[0 14 0] *fc, -fe^U— tcoi/>Tfe#tc:RS^ti 
^y^nlfU^^yx^UVlSO^OWSO 

[0141] ««}fto±J8«t-e**3f*«»kbT», 

[0 14 2] 0»J;Lt£. x*-U>*— K *J**fr 
(fitTDMCfcBfrr) . ^Jl/x*-;!/*- 

2-^Wrh7t Ha77>, K 3 V 
4-*f7l/-l, 3-^**V^>, K 2-^ 

50 [014 3] w.mn£Lxm^*>tizv*vi*miciis 
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15 

L i C 1 0«> LiAsFs, LiPFe, LiBF4> L 
i B (CeHs) 4. LiCl, LiBr, CHsSOaL 
i, CFsSOaLi, Li (CFjSO;) 2N, Li 
(CzFsSOj) 2NtPtf&D, Ct\t><D&?kW®X, X 

[0 14 4] &*>\ ±temS?iSO±S!®T'SS^7j<j§j® 

f\ * y t >? v n - f y 

[0 1 4 5] Hf*Sffi?M*ffll/^T^Hf*y^-«> 

[0146] &rf. mmmic^<?^m^m^mwmc 
mm?** 

[0 14 7] 

[0148] cmMttam] iia2cm ! ©ate^ 

[0149] cotter umnm^ (t) ^y^r- 
$ij;rrsi:«^ um<Dm.ifi.m (r) sttt^x*!®! 
mmajnfiiS'J^aAx- 1 1 5At«Lfco 

[0 15 0] SfUt&Ja (SR) SR=2R/t 
(Q • cm) i: L-T^ib/tc 
[0 15 1] (»f)l»Co (00Z)) 
fctgi X^^ax' Pert-MPDW\ Cu 

y a :/««qMaft i: LTfSST'lS Lfc. 
[0 15 2] WyT'tg] 1 OOmlOAvXH^X 

^y^^-icK^AnT^-y e^^'u 8a**<D3£?«£ 

fbtf * < fcofc i: C 5 T-85m§;St*!SNS£ Lfco M*4StS 

[0 15 3] (¥^S?1) (») L— 
-tf-BifTiSSgifMS^BS A L D 1 0 0 OT-IiJ^L/io 
[0 15 4] [^©^Jett] («) §¥ j£ 

[0155] mmm&zsmw/mmm mmicmtb 
&h.rm®zi£&T*mmi„ mw*n < a u ^-t^ y 

mms-4 3oox'mmL. mznzm&% aao 

nSi Bi^^S;!/— b*-y^XIIIUT'S?^fLr*«> 

[0156] cmeiffig) ^AHfk^xn (<*) §i p v 
df-1 ioow^-tu rg^N-^^ue 

[0 1 5 7] if 5.nftX7 y-S\ F^*-7V-F£: 




(9) ^20 0 2-36 7 6 1 1 

16 

m^xmm±.\cm 1 3 0/<m(oi*Ta-i-u sbsl. 

[0158] Cfl%2. 5 cm 2 lC^Jt)mU Stm* 

[0 15 9] C 7 L i HttNMR] 7tVi3-1±m B# 
KK^H^HD S X 3 0 0 w b tc^^a/£*S7 P n-^' 

/o [0 16 0] (Jt&SW B#^/t4±S iSfiiggtttf 

XB&S^M BELSORB28 ffittMfRSg-e 

fsiJJE u b e t mc t> siais^ 

[0 16 1] [ffifllRlRB] (AO AaKTOfflil 
S##T&g T G A - 5 0 £fflv\ S»SC8STT-MS«^ 

[0 16 2] fSS60U 1— 3 

(JMatt^OSSED WSJSMBfcl/C, ¥^l»^3. 3 

»Rtf 3*K{t»S*ff o fee 
[0 16 3] 8JMtLT, l/»f-itttll>r>5Ml 

@9. 5 cmCDfiMtcffi^J^n, n— ^-(DlH]eSa^r2 
0 0 0 0 r pmtLf:. C<Di:#, mftffiWXDmm 
mm 1 0 0 m/g>T?fc-3 fco 

[0164] jkhjubu:, «9»«o»5iaicra#**T 
■y-Rxs^v << >i>* -T~mm l fc e 'mjr l /tsttit^ 

iO *, Htf®?l®K|pI#«-a:T^2 0 0g«*&L,fco 

[0 16 5] ±Kf&R!«fE*&tt2 0@i!3iiU 3*R 

[0 16 6] #6tlft3*tt{tJSfie«[ : FO«I'tt««*oa 

¥^if4^-S :25. 4/im 

: 0. 87g/cc 
♦S^SCo (0 0 2) : 0. 6 7 07 nm 
m^ittairi : 0 . 0 0 5 1 Q • c m (7 l/Xff^] 3 0 0 
k g/cm ! ) 

ShTl^CiA^ffiStlfc, SW/Jgtt<Dtfctt2JaT 
T'fet). 1. 2—1. 6<0t,«D!b^<^^nfc„ 
[0 16 7] n8nii««flBRLT96n^nfRtt¥]l<0 
-fiWJ«r, H3Rt>*0 4tc^-T o 03«lK?lfflO^f*3f 

[0168] <ine»¥»KJ:»)s i common 
z<Dfimcm8iLrzmmmm*G?z££. Runts®. 

so [0 16 9] (ft«»S©«J» ±E8tt{fcJIMBtt ; P6 



# 

(10) 

77 

Okg «8SUftflcSSJSJPJCtt5i*, mm* 50,l/mi 

u w«»«{t»3iHi«M*fTofco wenftAaws 

053/i mBTKfito^T, ft 1 OMtlflHR* 
[0 1 7 0] WftOttttW 1 ±E«»tt : f * 

[0 17 1] 2cft> NMRX^ Wl/^-h^5lC 70 
[0 17 2] *JS«l<D»liK3R«tf 3%Oft«*fe 

[017 4] mmmmmomtotmc&T 
?%t>\ w&mmmtf 1 4 %wT-e&. 100-400 

k g/cm 2 OBE«*"?«8ifflK* 1 . 4 0—1. 70 

[0175] mmmvmm t p c*m^tc?ti&nu 

[0 17 6] *fc. ««KiR«0%<Dtt:Kflf« l KI* 

[0177] cotax». *fflftt«4^+#"e**««. 

[0 17 8] cm*. Wit^S^O^SggP (XySTO) 

*%*astiT. tt j Fftffi*cxys;»^a<ao. » 
[0179] ftffif»tttsm«, 




3$P*f? 2002-36761 1 
fifcttSS^LTl^So 0. 2C. 1 C. 2 C. 3C 

»Ttt«bfc 

[0 18 0] KjMttJRfr&* ftiS3ttttWP**Jl»3R 
[0 18 1] tb«€W2~3 
v ^XttH^x * h 5;l/*JB^T»»Lfto 1 

JpiSSffa : 8 . 7 1 (im 

2v7mm : 0. 4 7 g/c c 

ffi?SSC o (002) :0. 6707nm 

HmtSia : 0 . 0 1 3 5 Q • cm (7 l^XBE^ 3 0 0 

k g/c m 2 ) 

Hfi&ffl 1—3 JtKM 2 . 3 o« Jfitt?©»ttffl*ifctt- 

ctfcj:t)*y^!Btt^a5<at). imposes- 

#«'>4<4t) ft ft «& ««Jta*ttf • L < <ST b T V > « 
[0 18 2] (S8§»^cdS^) ±E«litttlMBffi-? 
■0tiRBtt3KS% (Jttt«2) . l 611% (item 

3) T'feofto 

[0 18 3] »6tlftft««S0 5 3 /imdTKSKO 

fto ^^m^ft3tc^*ro 

[0 18 4] ^{LH^te^O^iiSa^^S^SK 
I%"P»Jlo»)»*+»lc»«!lt*OK:»l^ JtBHW2 

[0 18 5] Jfc«HR|3fr&* ttflUKMCl 6Si%lc 

[0 18 6] 
[ftl] 
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«PBB2 0 0 2-3 6 7 6 1 1 



£11 





2 fii (*f aate&JS i> 0 A ) 




30mg 




2.5cm* 




PVDF 9wt% 








7;Urf>^H^^D — -flSv 2 24 BtrfffiifcfH 




LiPF 6 , lmol/1 




EC/DMC =1/2 (vol) 
PC/EC/DM02/l/l(vol) 




1mA . 




0. 4mA/cm 2 


m& 
etna 


ImV 
lhr 




1idV~1.5V 



[0 18 7] 

*2 











$zmm3 


»«&$S(wt%) 


0 


3 


10 


14 


mHUt&#i<Q/cm) 


0.0051 


0.0039 


0.005 


0.005 


/ r AO- J>LRiXg/CIU 












4.6 


2.7 


1.8 


1.5 


T^tW m) 


25.4 


25.5 


25.7 


26.2 


*?7" S&(g/cc) 


0.87 


0.96 


0.99 


1.03 


XRD Co (002) (nm) 


0.6707 


0.6707 


0.6707 


0.6707 


7 U-NMR 










Stf't* 1*5***7 Kppm) 




16.0 


16.4 


17.7 


y*'t*l *8*H*&(*> 


0.0 


3.0 


8.9 


13.5 


y** tfr2*;i*y7Kppm) 


423 


42.0 


43.0 


42.9 


y** t*2*e**3i&(aO 


100.0 


97.0 


91.1 


863 


mS5BS(g/cc) 










7' I^XJBE 0.0 ton/cm 2 


0.92 \ 


0.98 


1.02 


1.08 


0.2 


1.77 


1.53 


1.53 


130 


0.4 


1.98 


1.76 


1.52 


1.41 


0.6 


2.20 


1.87 


1.62 


1.49 


0.8 


2.20 


1.92 


1.68 


138 


1.0 


2.21 


1.97 


1.73 


1.60 












POEC/DMO=2/l/l (vol) 










3E«^S(mAh/g) 


408 


393 


383 


381 


St«^fi(mAh/g) 


359 


363 


360 


360 




88.0 


92.4 


94.0 


943 












EC/DMC=l/2(vol) 












1.5 


13 


13 


13 


&m^«(mAh/g) 










1 0@3te&« 0.2C 


363 


362 


361 


356 




365 


362 


361 


355 


3E@^c&S 1.0C 


365 


367 


362 


355 




332 


352 


352 


345 


5 Eg^^«3.0C 


285 


323 


338 


309 



[0 18 8] 
[313] 
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* 



(12) 



2002-367611 



21 



22 



&3 






r n i r Ql 






it&03 3 




»«R*«(wt%) 


3 


16 




mflitSta (Q/cm) 


0.0154 


0.0051 




T 300kg/cm 2 






[oi9o] mmtiLttWftitLtzcticzQ^ mmm 


Jt£&8Kn?/g) 


4.5 


2.3 




W-^tSL^ &(u m) 

l ■J TJfc J k^U \ A-*- III/ 


18.2 


21.1 


V f- f? L. ~ ^Sife^Sifi'?" 2> C t #T* £ 5 . 


*?7* SS(g/cc) 


0.78 


0.91 


CO l 9 l] lEtc^ IfilliSi: LT\ 3^*ffi*fi£ffl'f' 


XRD Co (002) (nm) 


0.6707 


0.6707 


Setoff, Sa&*«t>^*<T?*S©TS»tttf 


| 7 Li-NMR 










15.1 


15.0 




y*'t*l «#&£(*) 


3 


i 16 




y^tJ^SM^Kpom) 
y*' t* 2 «#»&(%) 


42.9 
97 


42.9 
84 


[0 2] HSfcW 1 -CSigLfciliSiiia^O^^^^fElffi 


fSSS(g/cc) 






7' KJE 0.0 ton/cm 2 


0.87 


0.90 




0.2 
0.4 
0.6 
0.8 
1.0 


1.33 
1.55 
1.64 
1.70 
1.74 


1.169 
1.241 
1.316 
1.356 
1.414 




[05] U^A^*>*^>#-*U— >a>Ufcft 
SSfl^NMRX^^b;^ (A) «Jt«ffJl, 


PC/EC/DMC=2/1/1 (vol) 






*«S*(mAh/fc) 




385 


(b) »«K0gi. (c) «:ssaMfl2. (d) immm 


ft*£*(mAh/g) 




358 




3DJfl*-o>£!)35(%) 




93.0 












EC/DMC=l/2(vol) 








«««&<gfcc) 
ft«*S(mAh/g> 


1.5 


1.25 




llel@=fctt« 0.2C 


364 


359 




2leIB3fcSm 0.2C 


364 


362 


3 0g«Stl.OC 


364 


362 




4 tnJg*^« 2.0C 


345 


332 




5im@^ft« 3.0C 


317 


290 





[0 1] 



1 3- 



1 1 



8 


4 14 




1 5 


4 






1 

f 


7 


5 





l 8 
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BEST AVAILABLE COPY 
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(15) 



mm 2002-36761 1 



[13 5] 



(A) 

* / 


42.5ppm 
16.5ppm 

I* 






' 300 200 lOO 

(B) 

y 

____-JU — — ^ 


1 r • ■ 1 ■ > ■ rr -. 

o -ioo -aoo 






300: coo soo 

I 

(c) 


O '-IOO ' -200 






— ■ ' » 1 — ■ •- -1 » *■• * 1 1 « 

300 aoo ioo 

(D) I 


, , , 1 r- . » | ■ . . 

o -ioo -poo 



too 



(72) SHU* ffiif MX 



=#S£lJjft5££*±*££SF5?F9T(*| 
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(16) EMSJ2 0 0 2-3 6 7 6 1 1 



(72) $7C F A (##) 4G046 EA06 EB06 EC02 EC03 EC05 

aH»dtwtimetBK»w 1 t§ 3 §«u EC06 
=#ttai*ss*t«*w?WTrt 5H029 AJ03 AJ05 AJ12 AK03 AL06 

(72)fKH# M R§— £0 AL07 mo ° AM02 AM03 AM04 

Hl^^dtA^m^fiiEgBI 1TI3« AM05 AM07 AMI 6 HJ01 HJ04 

H#ttUj*a^*t«^W5Wfrt HJ05 HJ08 HJ13 HJ14 

5H050 AA07 AA08 AA15 BA17 CA08 

CA09 CB07 CB08 CB30 FA17 

FA18 FA19 GA02 GA05 GA22 

GA24 HA01 HA05 HA08 HA13 

HAH 
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